The method of multiple scales is used to analyze the wave propagation in two-dimensional hard-walled ducts with sinusoidal walls. For traveling waves, resonance occurs whenever the wall wavenumber is equal to the difference of the wavenumbers of any two duct acoustic modes. The results show that neither of these resonating modes could occur without strongly generating the other.
INTRODUCTION
We consider acoustic waves propagating in an inviscid, nonconducting, perfect gas confined in a two-dimensional hard-walled duct having a nonuniform cross section.
We assume the walls to have weak sinusoidal undulations. We make lengths, velocities, and time di- 
where to is the dimensionless frequency of oscillation. For an inviscid fluid and a hard wall, the flow is tangential to the walls; that is, 
